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(57) ABSTRACT 

The invention describes a method for adjusting signal propa 
gation times in a memory system in Which a controller is 
connected to at least one memory chip via a plurality of 
connecting lines for the purpose of transmitting control and 
data signals and at least one time reference signal. In line With 
the invention, the propagation time differences between con 
necting lines are ascertained from the result of echo measure 
ments. To this end a respective transmitted pulse is applied to 
one end, selected as the transmission end, of the connecting 
lines in question, While the other end of the connecting lines 
in question is respectively terminated With a re?ective termi 
nation. At the transmission end, the echo time Which elapses 
between one edge of the transmitted pulse and the appearance 
of this edge’s echo re?ected from the other end is measured. 
On the basis of the ascertained propagation time differences, 
regulatable delay devices are set in order to compensate for 
these propagation time differences. The subject matter of the 
invention is also circuit arrangements for performing this 
method. 

20 Claims, 4 Drawing Sheets 
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METHOD AND CIRCUIT ARRANGEMENTS 
FOR ADJUSTING SIGNAL PROPAGATION 

TIMES IN A MEMORY SYSTEM 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application claims foreign priority bene?ts under 35 
U.S.C. §1 19 to co-pending German patent application num 
ber DE 10 2004 046 957.1 -55, ?led 28 Sep. 2004. This related 
patent application is herein incorporated by reference in its 
entirety. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The invention relates to a method for adjusting signal 

propagation time in a memory system in Which a controller is 
connected to at least one memory chip via a plurality of 
connecting lines. The subject matter of the invention also 
relates to circuit arrangements for performing this method. A 
preferred, but not exclusive, ?eld of application is memory 
systems With RAM (Random Access Memory) chips, par 
ticularly With synchronous dynamic RAMs (SDRAMS). The 
subject matter of the invention also relates to circuit arrange 
ments in controllers of memory chips for performing the 
adjustment method. 

2. Description of the Related Art 
The communication betWeen one or more memory chips 

and a common controller in a memory system takes place 
under clock control. Both the memory data and the control 
signals, Which are to be transmitted, are transferred to the 
connecting lines at the respective transmission end as bits 
(binary samples). At the respective reception end, the data and 
control signals received via the connecting lines are sampled 
using suitably positioned clock edges. These clock edges 
must each come in the validity time of the bits, ie they must 
each appear Within that period of time in Which the level of the 
signal to be sampled explicitly represents the logic value of 
the transmitted bit. 

In order to synchroniZe the signal transmission, it is nec 
essary to transmit, together With the data and control signals, 
at least one time reference signal from Which it is possible to 
derive the clock edges for correct-time sampling of the 
received bits at the reception end. Normally, each memory 
chip has tWo separate transmission lines for time reference 
signals connected to it, a clock signal line for transmitting a 
clock signal from the controller to the memory chip and a 
strobe signal line for transmitting a data strobe signal betWeen 
the controller and the memory chip. The clock signal is used 
in the memory chip as a time reference for the storage opera 
tions and is also used as a time reference for sampling the 
control signals, Which include both binary-coded instruction 
signals for initiating the various storage operations and the 
binary-coded address signals for selectively addressing the 
memory cells Within the memory chip. The data strobe signal 
is generated in the Write mode in the controller and, together 
With the Write data, is transmitted to the memory chip and 
forms the time reference for sampling the Write data. In the 
read mode, the data strobe signal is generated in the memory 
chip and, together With the read data, is transmitted to the 
controller and forms the time reference for sampling the read 
data. 

It is an object of the system designer to ensure that the 
phase relationships betWeen the various signals are respec 
tively kept Within ?rmly prescribed tolerance limits both at 
the transmission end and at the reception end. Observing the 
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2 
phase relationships at the reception end is a problem particu 
larly When various signals are transmitted via connecting 
lines having different signal propagation times. Propagation 
time differences along the connecting lines may arise if the 
lines are of different lengths. For this reason, great care has 
been taken to date to make the connecting lines of the same 
length as far as possible and to minimiZe propagation time 
differences as a result. 

This solution is unsatisfactory, hoWever. First, layout prob 
lems may arise When the line lengths are given the same 
proportions, particularly if a controller communicates With a 
plurality of memory chips Which are at different physical 
distances from the controller. Secondly, besides the geomet 
ric length, there are also other factors Which affect the propa 
gation speed of the signals along the lines and hence the 
propagation time, e. g. the Width of the conductor tracks, their 
geometric relationship to the conductors of the respective 
reference potentials (ground or supply potential) and also 
their surroundings if stray ?elds reach said surroundings. 
The aforementioned propagation time differences could be 

compensated for at the transmission or reception end by suit 
able delay devices. Generally, controllers and memory chips 
are produced as separate units, normally as integrated and 
ready-encapsulated circuits (chips), so that they can be com 
bined arbitrarily to form a memory system of desired siZe and 
con?guration. For this reason, it is almost impossible to pre 
dict all of the features of the connecting lines used in the 
combined memory system Which determine propagation 
time. To set the delay devices appropriately, it Would be 
possible to measure the phases of the signals received via 
various connecting lines relative to a respective reference 
phase, e.g. relative to the phase of the received clock signal, 
on the memory chip. This Would require a respective phase 
comparator to be provided in the memory chip for each signal 
Which is to be measured. HoWever, it is almost impossible to 
measure large propagation time differences explicitly accord 
ing to magnitude and arithmetic sign using pure phase com 
parison, particularly if these differences are more than one 
clock period. Problems may thus arise With progressive 
development, Which aims at ever higher clock frequencies. 
US 2003/0200407 A1 discloses a method and a circuit 

arrangement for adjusting propagation time differences in a 
memory system in Which connections of a controller are 
connected to connections of a memory chip via a plurality of 
connecting lines, Where in addition to the connecting lines 
there are dummy connecting lines betWeen the controller and 
the memory chip Which have a re?ective termination at the 
memory chip end and are connected to an evaluation unit at 
the controller end. These dummy signal lines, Whose length 
corresponds to that of the regular data and signal connecting 
lines, can then be used to form echo measurements and the 
ascertained propagation time differences can then be com 
pensated for using delay devices. 

SUMMARY OF THE INVENTION 

One aspect of the invention provides a technique for adjust 
ing the propagation time differences in a memory system 
Which alloWs quantitative inclusion of propagation time dif 
ferences of any magnitude. 

Accordingly, the invention is implemented as a method for 
adjusting signal propagation times in a memory system in 
Which a controller is connected to at least one memory chip 
via a plurality of connecting lines for the purpose of trans 
mitting control and data signals and at least one time refer 
ence signal. In line With the invention, the propagation time 
differences betWeen connecting lines are ascertained from the 
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result of echo measurements. To this end, a respective trans 
mitted pulse is applied to one end, selected as transmission 
end, of the connecting lines in question, While the other end of 
the connecting lines in question is terminated With a respec 
tive re?ective termination. At the transmission end, the echo 
time Which elapses betWeen one edge of the transmitted pulse 
and the appearance of this edge’s echo re?ected from the 
other end is measured. Depending on the ascertained propa 
gation time differences, regulatable delay devices are set in 
order to compensate for these propagation time differences. 
One advantage of the invention is that the propagation time 

differences for Which compensation is required are not mea 
sured as phase differences, but rather as absolute time values. 
It is thus possible to measure and compensate for propagation 
time differences of any magnitude. Careful coordination of 
the geometric length of the connecting lines can thus be 
dispensed With. This simpli?es the layout of the lines on the 
board on Which the parts of the memory system are mounted. 

BRIEF DESCRIPTION OF THE DRAWINGS 

So that the manner in Which the above recited features of 
the present invention can be understood in detail, a more 
particular description of the invention, brie?y summarized 
above, may be had by reference to embodiments, some of 
Which are illustrated in the appended draWings. It is to be 
noted, hoWever, that the appended draWings illustrate only 
typical embodiments of this invention and are therefore not to 
be considered limiting of its scope, for the invention may 
admit to other equally effective embodiments. 

FIG. 1 shoWs a schematic illustration of a knoWn memory 
system Which can be extended in order to perform the inven 
tive method; and 

FIGS. 2, 3 and 4 shoW various embodiments of circuit 
arrangements Which can be inserted in a memory system as 
shoWn in FIG. 1 in order to perform the inventive method. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

The left-hand side of FIG. 1 shoWs component parts of a 
controller chip 110, and to the right of that are component 
parts of a ?rst memory chip 120, in the example shoWn and 
SDRAM. The tWo chips 110 and 120, implemented as inte 
grated circuits on separate chips, are designed for reciprocal 
communication via transmission lines. To this end, the 
SDRAM 120 shoWn in FIG. 1 has a plurality of signal con 
nections. 
A bidirectional data connection D on the SDRAM 120 

contains n data pins (not shoWn separately) for receiving and 
transmitting data bits (DAT) as n-bit parallel Words via a 
bundle of n parallel data lines DL from and to a data connec 
tion D' of the same type on the controller 110. In the SDRAM 
120, each of the data pins is connected to a data reception 
ampli?er DE and to a data transmission ampli?er DS, respec 
tively. In the controller 110, each data pin is likeWise con 
nected to a data reception ampli?er DE' and to a data trans 
mission ampli?er DS', respectively. 
A bidirectional strobe connection S on the SDRAM 120 is 

used for receiving and transmitting a strobe signal indicating 
the data clock from and to a strobe connection S' of the same 
type on the controller 110 via a strobe line SL. In the SDRAM 
120 the strobe connection S is connected to a strobe reception 
ampli?er SE and to a strobe transmission ampli?er SS, and in 
the controller 110 the strobe connection S' is likeWise con 
nected to a strobe reception ampli?er SE' and to a strobe 
transmission ampli?er SS'. 
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An address connection A on the SDRAM 120 contains a 

plurality of address pins for receiving an address information 
item ADR, comprising a plurality of parallel bits, via a bundle 
of address linesAL from an address outputA' of the controller 
110. In the SDRAM 120, each address pin is connected to a 
respective reception ampli?er AE, and in the controller 110 
each address pin is connected to a respective transmission 
ampli?er AS'. 
An instruction connection B on the SDRAM 120 contains 

a plurality of instruction pins for receiving multibit instruc 
tion Words BEF via a bundle of instruction lines BL from an 
instruction output B' of the controller 110. In the SDRAM 
120, each instruction pin is connected to a respective recep 
tion ampli?er BE, and in the controller 110 each instruction 
pin is connected to a respective transmission ampli?er BS'. 

All of the aforementioned transmission and reception 
ampli?ers have supply connections for applying the poten 
tials H and L of a supply voltage. The supply potential L (“loW 
potential”) may be the common ground potential, and the 
supply potential H (“high potential”) may, by contrast, be 
positive or negative, depending on the semiconductor tech 
nology used. In most cases, H is positive With respect to L. 
The connecting conductors betWeen the chips 110, 120 for the 
supply potentials are not shoWn in FIG. 1. 

At all the connections at least on the SDRAM 120 at Which 
signals are received, there is usually a resistor netWork (not 
shoWn in FIG. 1) Which is proportioned such that re?ection 
free termination of the connecting line in question is obtained. 
This netWork usually involves the connection in question 
being connected to the tWo supply potentials H and L via a 
respective resistor RIZZO, Where Z0 is the characteristic of 
impedance of the connecting line in question. At the bidirec 
tional connections, the resistor netWork may be connected to 
sWitching devices so as to decouple it Whenever signals are 
transmitted at the connection in question. 

To synchronize the data bits DAT, address bits ADR and 
instruction bits BEF, all of these bits are sampled both at the 
respective transmission end and at the respective reception 
end. For this purpose, a respective sampling circuit, e. g. in the 
form of a data ?ip-?op FF, Which is clocked by an associated 
sampling signal is provided upstream of each of the transmis 
sion ampli?ers DS', DS, AS and BS and doWnstream of each 
reception ampli?er, DE', DE, AE and BE. 
The necessary sampling signals are derived from a clock 

signal CLK Which is generated in the controller 110 and 
samples the address bits ADR and the instruction bits BEF 
there. The clock signal CLK is also applied via a transmission 
ampli?er CS to a clock connection C', Where it is transmitted 
to a clock connection C of the SDRAM 120 via a clock line 
CL. In the SDRAM 120, the clock signal CLK is received via 
reception ampli?er CE and is used to sample the received 
address bits and instruction bits there. The strobe signal STR' 
for sampling the data bits transmitted to SDRAM 120 by the 
controller 110 is generated in the controller by a strobe gen 
erator Which generates a sampling edge in the center of each 
bit period of the data bits under synchronization by the clock 
signal CLK. This strobe signal STR' is also transmitted via the 
transmission ampli?er SS' and the strobe line SL to the 
SDRAM 120, Where, folloWing ampli?cation in the reception 
ampli?er SE, it is used to sample the data bits received there. 
The strobe signal STR for sampling the data bits transmitted 
to the controller 110 by the SDRAM 120 is generated in the 
SDRAM by a strobe generator Which generates a sampling 
edge in the center of each bit period of the data bits under 
synchronization by the clock signal CLK. This strobe signal 
STR is also transmitted via the transmission ampli?er SS and 
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the strobe line to the controller 110, where, following ampli 
?cation in the reception ampli?er SE', it is used to sample the 
data bits received there. 

The repetition rate of the sampling edges of the strobe 
signals STR' and STR may be the same as the frequency of the 
clock signal CLK (for a single data rate mode), or it may be 
twice as high (for a double data rate mode). 
An instruction decoder 21 contained in the SDRAM 120 

decodes the instruction bits in order to prompt individual 
control lines to execute the respective instructions, inter alia, 
to execute the activation instruction for initiating access to the 
memory cells in the SDRAM, control lines for executing the 
write instruction and the read instruction and a control line for 
executing an instruction MRS (“mode register set”). The 
instruction MRS opens a mode register 22 for receiving infor 
mation for setting particular operating parameters for the 
SDRAM 120. This “mode information” is delivered by the 
controller 110 via the address lines AL, at the same time as the 
instruction MRS. 

The memory cells in the SDRAM 120 are shown schemati 
cally in FIG. 1 as block 26, similar to the control device 25 for 
the read and write access to the memory cells. The access 
control device 25 receives the clock signal CLK and the 
signals from the output-end control lines of the instruction 
decoder 21; it contains address decoders and a switchable 
network of data paths for the purpose of controlling the read 
ing and writing of data on the memory cells, as is general 
knowledge. 

In write mode, data bits DAT and the strobe signal STR' are 
transmitted to the SDRAM 120 via the controller 110 via the 
data lines DL and the strobe line SL. To this end, a write mode 
signal WRD (“write data”) is switched to the active level, as 
a result of which the transmission ampli?ers DS' and SS' in 
the controller 110 and the reception ampli?ers DE and SE in 
the SDRAM 120 are turned on. In read mode, data bits DAT 
and the strobe signal STR are transmitted to the controller 1 1 0 
via the SDRAM 120 via the data lines DL and the strobe line 
SL. To this end, a read mode signal RDD (“read data”) is 
switched to the active level, as a result of which the transmis 
sion ampli?ers DS and SS in the SDRAM 120 and the recep 
tion ampli?ers DE' and SE' in the controller 1 1 0 are turned on. 
When the controller needs to communicate with a plurality 

of SDRAMs simultaneously, the controller has a separate 
group of data and strobe connections for each SDRAM. FIG. 
1 shows the connections D'a and S'a in question for commu 
nication with a second SDRAM 12011, which is designed in 
exactly the same way as the SDRAM 120 which has been 
described. Said connections D'a and S'a are respectively con 
nected to dedicated transmission and reception ampli?ers and 
sampling circuits within the controller 110, in the same way 
as the connections D' and S' for communication with the ?rst 
SDRAM 120. For the transmitted signals at the connections 
D'a and S'a, however, the same strobe signal STR' is used as 
for the transmitted signals at the connections D' and S'. The 
address, instruction and clock connections A', B' and C' of the 
controller 110 are connected in parallel to the two SDRAMs 
120 and 12011, as shown in FIG. 1 by branch points to the 
address, instruction and clock lines AL, BL and CL. 

The hitherto described details of the controller/SDRAM 
arrangement are general knowledge. Since the instruction and 
address processing in the SDRAM and also the processes 
when reading and writing the data on the memory cells are 
controlled via the clock signal CLK, the most ?xed phase 
relationship possible between all signals is important both in 
the controller chip and in the SDRAM chip. To observe this 
phase relationship, it is necessary to ensure that the signals 
transmitted between the chips from the respective transmis 
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6 
sion ampli?er in one chip to the associated reception ampli 
?er in the other chip all have the same propagation time. As 
already mentioned above, this is achieved in line with the 
invention by an adjustment method in which delay means in 
the signal paths are set in appropriate fashion, speci?cally on 
the basis of echo measurements on the connecting lines. 

The connecting lines between a controller and one or more 
memory chips are frequently routed such that a respective 
plurality of lines are combined into one phase. The individual 
phases often take paths of different length and/ or are designed 
in various ways, so that there are considerable propagation 
time differences between different phases. Within the same 
respective phase, the propagation times via the lines may be 
essentially the same or may differ to a negligible extent, 
however. In practice, it is usually the case that the clock line 
CL is laid together with the address lines AL and the instruc 
tion lines BL in a ?rst phase, while the strobe line SL is laid 
together with the data lines DL in a second phase. 
Assuming that propagation time differences within each 

phase are negligible, it suf?ces to measure the propagation 
time only on one respective line in each phase. The ascer 
tained difference may then be used to set the delay devices on 
all of the lines in the same phase to the same delay value at the 
same time. 

FIG. 2 shows circuit means for performing an inventive 
adjustment method for compensating for the propagation 
time difference between an “A/ B/ C phase”, on the one hand, 
which contains the address and instruction lines AL and BL 
and the clock line CL, and a “D/ S” phase, on the other hand, 
which contains the data lines DL and the strobe line SL. The 
two line phases which connect a controller chip 210 to an 
SDRAM chip 220 are not shown in full in FIG. 2. The Figure 
shows only those two lines which are preferably used for 
ascertaining the propagation time difference between the 
phases, namely the clock line CL (as representative of the 
A/B/ C phase) and the strobe line SL (as representative of the 
D/S phase). Ofthe two chips 210 and 220, only a few parts are 
shown in each case, speci?cally those which are involved in 
the inventive adjustment method and which are connected to 
the two lines CL and SL. In all other parts, these chips have 
exactly the same design as the controller 110 and the SDRAM 
120 shown in FIG. 1 (with the exception of additional delay 
devices on all connections of the controller, which are not 
shown in FIG. 1). 
The controller 210 shown in FIG. 2 contains a regulatable 

delay device VS between the strobe connection S' and the 
junction point at which the output of the strobe transmission 
ampli?er SS' and the input of the strobe reception ampli?er 
SE' are interconnected. A further regulatable delay deviceVC 
is inserted between the clock connection C' of the controller 
210 and the output of the clock transmission ampli?er CS. 
There are also regulatable delay devices arranged in a similar 
fashion at the other connection pins of the controller 210, 
from which connecting lines are routed to the SDRAM 220 
(not shown in FIG. 1). That end of the delay device VC, which 
is remote from the clock connection C', also has the input of 
an additionally provided reception ampli?er CE' connected to 
it. The reception ampli?er is turned on only when a control 
signal ESS (which has yet to be described) is at the active 
level. 
At the clock connection C and at the strobe connection S in 

the SDRAM 220, shown in FIG. 2, there is respectively 
shown the resistor network already explained above, which 
contains two terminating resistors R, one between the con 
nection in question and the ?rst supply potential H, and one 
between the connection in question and the second supply 
potential L. The resistance value of each of the resistors R is 
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twice as large as that of the characteristic impedance ZO of the 
connecting line connected to the connection in question. In 
the SDRAM shoWn in FIG. 2, tWo sWitches X1 and X2 are 
respectively provided not just at the strobe connection S, but 
also at the clock connection C, in order to isolate the connec 
tion in question from the associated terminating resistors R. 
In addition, a respective third sWitch X3 is provided in order 
to isolate the connection in question from the input of the 
downstream reception ampli?er CE or SE. 

The remaining circuit parts, Which are provided for the 
purpose of performing the inventive adjustment method in the 
arrangement shoWn in FIG. 2, are described beloW together 
With the adjustment method: 

At the start of the adjustment method, all of the sWitches 
X1, X2, X3 are closed, Which means that the lines SL and CL 
are terminated at the SDRAM 220 Without re?ection. In the 
controller 210, a mode setting instruction is generated Which 
is coded in the controller in the form of a multibit instruction 
Word and, under synchronization by the clock signal CLK, is 
transmitted to the SDRAM 220 via the instruction lines BL 
(cf. FIG. 1). If the SDRAM 220 is one of a plurality of 
SDRAMs of the same type Which are all connected to the 
controller 210 as shoWn in the diagram shoWn in FIG. 1, the 
instruction Word also contains chip selection bits for exclu 
sively selecting only that SDRAM, Which has connecting 
lines that are necessary to perform the propagation time 
adjustment. The text beloW deals With the situation in Which 
the SDRAM 220 is being addressed. 

In the addressed SDRAM 220, the instruction decoder 21 
(cf. FIG. 1) decodes the mode setting instruction in order to 
generate the mode setting signal MRS. This enables the mode 
register 22 for the purpose of registering a pattern of setting 
bits Which are generated together With the instruction Word in 
the controller 210 and are transmitted to associated inputs of 
the mode register 22 via the address lines AL. To perform the 
inventive propagation time adjustment, the controller 21 0 sets 
a particular bit from the setting bits to the active logic level 
(eg to the binary value “1”), so that this bit’s associated 
output of the mode register 22 activates a signal LMS 
(“propagation time adjustment mode in the SDRAM”). The 
active signal LMS opens the sWitches X1, X2, X3 at the 
SDRAM connections S and C, Which means that the re?ec 
tion-free termination of the connecting lines SL and CL of the 
SDRAM 220 is removed and these lines are noW “open”. 

When this has happened, the controller is also conditioned 
to perform the propagation time adjustment. To this end, the 
controller activates an internal signal LMC (“propagation 
time adjustment mode in the controller”), Which brings about 
the folloWing: 

a sWitch X5 is opened in order to decouple the input of the 
clock signal transmission ampli?er CS from the source of the 
clock signal; 

a sWitch X6 is opened in order to decouple the input of the 
strobe transmission ampli?er SS' from the strobe generator 
STG' (cf. FIG. 1); 

a sWitch X7 is opened in order to decouple the output of the 
strobe reception ampli?er SE' from the associated sampling 
circuit FF (cf. FIG. 1); 

a ?rst and a second chronometric device TC and TS and a 
delay actuating signal transmitter VG are sWitched to the 
standby state (eg by turning on the poWer supply for these 
elements); 

the strobe transmission ampli?er SS' is turned on; 
sWitches X8 and X9 are closed to bypass the regulatable 

delay devices VC and VS; 
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8 
the strobe transmission ampli?er SS' is turned on via an OR 

gate G1 Which is connected upstream of the control input of 
this ampli?er and Who se second input receives the Write mode 
signal WRD. 

Next, the controller 210 activates a trigger signal PGT, 
Which triggers a pulse generator PG, Which then delivers a 
measurement pulse PGI. This pulse is preferably an AC pulse 
Which changes from an average level M to the potential H, 
changes from that potential to the potential L and then returns 
to the average potential again, as shoWn in FIG. 2 on the pulse 
generator PG. The measurement pulse PGI is simultaneously 
applied to the signal inputs of the clock transmission ampli 
?er CS and of the strobe transmission ampli?er SS' and also 
to a “start” input of each of the tWo chronometric devices TC 
and TS. The operation of the chronometric devices TC and TS 
is started by the negative edge of the measurement pulse PGI 
(change from the H level to the L level) and is stopped by a 
negative edge at a “stop” input. The stop input of the chrono 
metric device TS is connected to the output of the strobe 
reception ampli?er SE', and the stop input of the chronomet 
ric device TC is connected to the output of the reception 
ampli?er CE'. 
The chronometric devices TC and TS may each be a 

counter, for example, to Which counting pulses at a ?xed 
frequency PC are applied, With the ?xed frequency being the 
largest possible multiple of the frequency of the clock signal 
CLK. The negative edge of the measurement pulse PGI at the 
start input can set these counters to 0 so as then to count the 
counting pulses upWard until the counting operation is 
stopped by a negative edge at a “stop” input. 
The measurement pulse PGI generated by the pulse gen 

erator PG passes through the strobe transmission ampli?er 
SS' and the closed sWitch X8 to the strobe connection S' and 
from there to the strobe line SL. The strobe reception ampli 
?er SE' is still kept turned off at this time, speci?cally by 
means of the inactive level of a reception ampli?er control 
signal ESS Which is ORed With the read mode signal RDD at 
the control input of the ampli?er SE' by a gate G2. The 
measurement pulse PGI also passes via the clock transmis 
sion ampli?er CS and the closed sWitch X9 to the clock 
connection C' and from there to the clock line CL. The recep 
tion ampli?er CE' situated at the same connection is likeWise 
kept turned off at this time by the inactive level of the control 
signal ESS. The pulses transmitted to the lines SL and CL are 
re?ected at the openly terminated ends of these lines, so that 
after a certain time echoes of these pulses arrive at the con 
nections S' and C'. The echoes arrive at different times if the 
signal propagation times via the tWo lines SL and CL are 
different. 

FIG. 2 shoWs tWo timing diagrams shoWing the Waveforms 
of the pulses appearing at the connection C' (top diagram) and 
of the pulses appearing at the connection S' (bottom diagram) 
over the same time axis, speci?cally for the situation in Which 
the signal propagation time via the clock line CL is longer 
than the signal propagation time via the strobe line SL. The 
Waveforms are distorted relative to the Waveform of the mea 
surement pulse generated by the pulse generator PG, on 
account of the reactances of the lines. In addition, the echo 
pulses are someWhat Weaker than the transmitted pulse on 
account of the line damping. The echo pulses have the same 
polarity as the transmitted pulse because the re?ection at the 
open terminated end of a line is knoWn to take place Without 
polarity reversal. 

In the case illustrated, a representative variable for the 
propagation time along a line is thus the interval of time 
betWeen the negative edge of the transmitted pulse and the 
negative edge of the associated echo pulse. This interval of 
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time is the same as the out/return propagation time via the line 
and in the case illustrated is longer by the measure At on the 
clock line CL than on the strobe line SL. To compensate for 
the propagation time difference betWeen the lines CL and SL, 
the delay device VS thus needs to bring about a delay Which 
is At/2 longer than the delay by the delay device VC. 

To ascertain the appropriate delay setting values VCS and 
VSS for the delay devices VC and VS for this purpose, the 
controller 210 activates the control signal ESS directly after 
dispatch of the measurement pulse PGI for the rest of the 
duration of the active level of the signal LMC in order to turn 
on the reception ampli?ers SE' and CE' in the controller for 
this period. The ampli?er SE' routes the echo signal appearing 
at the strobe connection S' to the stop input of the chronomet 
ric device TS, so that this device is stopped and its output 
delivers a ?rst chronometric value Which indicates the out/ 
return propagation time via the strobe line SL and is applied 
to a ?rst input of the delay actuating signal transmitter VG. 
The ampli?er CE' routes the echo signal appearing at the 
clock connection C' to the stop input of the chronometric 
device TC, so that this device is stopped and its output deliv 
ers a second chronometric value Which indicates the out/ 
return propagation time via the clock line CL and is applied to 
a second input of the delay actuating signal transmitter VG. 
The delay actuating signal transmitter VG ascertains the dif 
ference At from the tWo chronometric values and generates 
the appropriate setting values, VSS and VCS, in order to set 
the delay devices VS and VC such that VS produces a delay 
Which is the measure At/2 longer than that produced by VC. 

The setting value VCS, Which sets the delay on the clock 
line CL, is also used to set the delays on all the other connect 
ing lines Which are in the same phase as the clock line to the 
same value. In the example being dealt With here, these are the 
address lines AL and the instruction lines BL (not shoWn in 
FIG. 2). Accordingly, the setting value VCS is also transmit 
ted to the delay devices VA on the address pins A' and to the 
delay devices VB on the instruction pins B' (likewise not 
shoWn in FIG. 2). 

Similarly, the setting value VSS, Which sets the delay on 
the strobe line SL, is also used to set the delays on all the other 
connecting lines Which are in the same phase as the strobe line 
to the same value. In the example being dealt With here, these 
are the data lines DL (not shoWn in FIG. 2). Accordingly, the 
setting value VSS is also transmitted to the delay devices VD 
on the data pins A' (likewise not shoWn in FIG. 2). 
When the delay devices have been set, the adjustment 

operation can be terminated by virtue of the controller 210, 
deactivating the signal LMC. This closes the sWitches X5 to 
X7 in the controller again, the bypass sWitches X8 and X9 are 
opened and the chronometric devices TC, TS, the pulse gen 
erator PG and the delay actuating signal transmitter VG are 
sWitched to “dead”. The delay devices remain ?xed at the set 
values for the future. Next, the controller 210 uses the address 
and instruction connections to transmit any neW mode setting 
instruction code in Which the bit reserved for performing the 
inventive propagation time adjustment is at the inactive logic 
level (eg at the binary value “0”), so that the signal LMS is 
deactivated in the SDRAM 120. This opens the sWitches X1, 
X2, X3 on the SDRAM connections S and C again, so that the 
connecting lines SL and CL are again terminated at the 
SDRAM 220 Without re?ection. 

This last operation “calibrates” the communication link 
betWeen the controller 210 and the SDRAM 220. In all sub 
sequent operations of the memory system, the transmitted 
signals generated by the controller 210, that is to say address 
bits ADR, instruction bits BEF, the clock signal CLK, the 
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10 
strobe signal STR' and data bits DAT have the same propa 
gation time via the delay devices and connecting lines to the 
SDRAM 220. 
The sWitching device shoWn in FIG. 2 in the SDRAM 220 

for converting the re?ection-free termination into an open 
termination is just one exemplary embodiment. FIG. 3 shoWs 
a variant in Which the sWitches X3 are omitted and instead 
measures are taken to disconnect the reception ampli?ers CE 
and SE connected to the connections C and S When the signal 
LMS is active. To this end, anAND gate GS is provided at the 
control input of the strobe reception ampli?er SE and logi 
cally combines the Write mode signal WRD With the inverted 
version of the signal LMS. The effect of this is that the 
ampli?er SE is on only When LMS is inactive and the Write 
mode signal WRD is activated. The opening of the sWitches 
X1 and X2 at the connection S is controlled by the output of 
the AND gate GS via an inverter IS, so that these sWitches are 
open not just When the signal LMS is active but rather also 
When in the normal mode of the SDRAM 220 a read operation 
(that is to say not a Write operation) is running in Which the 
strobe transmission ampli?er SS of the SDRAM transmits a 
strobe signal to the controller 210. The clock reception ampli 
?er CE is in the form of an ampli?er Which can be turned on 
and off in the variant shoWn in FIG. 3, and its control input has 
the signal LMS applied to it via an inverter IC. In the variant 
shoWn in FIG. 3, the controller 210 is designed in exactly the 
same Way and operates in the same manner as has been 
described With reference to FIG. 2. 

In the tWo embodiments shoWn in FIGS. 2 and 3, the 
desired re?ection of the measurement pulse is achieved 
through open termination of the connecting lines CL and SL. 
As an alternative, the re?ection can also be achieved through 
short circuit termination. This alternative is recommended 
particularly When the terminating resistors R at the connec 
tions of the SDRAM are arranged outside of the chip and are 
connected to the supply potentials H and L, speci?cally 
through solid soldering on the board Which carries the chips, 
as shoWn in FIG. 4. In this case, it is not possible to detach 
these resistors from the connections temporarily in order to 
achieve an open termination. 

To attain a short circuit termination With a su?iciently high 
level of re?ection, it su?ices to connect the relevant connec 
tions of the connecting lines on the SDRAM to one of the 
supply potentials H or L at loW resistance. As FIG. 4 shoWs, 
this is done by providing a normally open shunt sWitch X4 
betWeen each of the connections C and S of the SDRAM 220 
and the L potential, With the normally open sWitch being 
closed via the active level of the signal LMS. This signal LMS 
is kept active only during the inventive adjustment operation, 
exactly as Was described With reference to FIG. 2. In the 
embodiment shoWn in FIG. 4, the controller 210 is designed 
in exactly the same Way and operates in the same manner as 
has been described With reference to FIG. 2, apart from a 
small difference involving the chronometric devices TC and 
TS being stopped by the appearance of a positive edge at the 
stop inputs (instead of by a negative edge as in the situations 
in FIGS. 2 and 3). This is indicated in FIG. 4 by a symbol in 
the form of a small circle at said stop inputs and is necessary 
because a polarity reversal is knoWn to take place upon a 
re?ection at a shorted line end. The negative edge of the 
transmitted measurement pulse therefore appears as a posi 
tive edge in the echoes, as shoWn in the timing diagrams in 
FIG. 4. 
The above embodiments described With reference to FIGS. 

2 to 4 are just examples and can be modi?ed or expanded in 
various Ways. Some of these modi?cations and expansions 
are described beloW. 
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Instead of the clock line CL and the strobe line SL, any 
other line in the line phase in question may respectively be 
used for the comparative propagation time measurement, e. g. 
one of the lines in the address line bundle AL or in the 
instruction line bundle BL as a representative of the A/B/C 
phase and one of the lines in the data line bundle as a repre 
sentative of the S/ D phase. 

It is also possible for all lines of that phase Which is knoWn 
to have the longest propagation time to be provided With no 
delay devices at all. In this case, the delay actuating signal 
transmitter needs to generate just one setting value for regu 
latable delay devices on the lines in the other phase. 
On the other hand, it is also possible for the delay devices 

for all of the lines in a ?rst phase to be given ?xed proportions 
and for only the delay devices for the other lines to be made 
regulatable. In this case, too, the delay actuating signal trans 
mitter needs to generate just one setting value for the other 
delay devices. This variant is recommended in a “multiple” 
memory system in Which the controller in the diagram shoWn 
in FIG. 1 is connected to a plurality of memory chips. 

To adjust the signal propagation times in such a “multiple” 
memory system, a separate adjustment operation needs to be 
performed for each memory chip. In this context, the delay 
devices at the A/B/C connections A', B, C' of the controller 
need to remain at a ?xed value because these connections are 
connected in parallel to all of the memory chips. When the 
adjustment operation has been performed and ended in con 
nection With a ?rst memory chip in the manner described 
above (and hence all signals Which are transmitted betWeen 
the controller and this ?rst chip are of the same propagation 
time), the operation is repeated in the same Way, but With the 
selection of the next chip by means of appropriate coding of 
the chip selection bits on the instruction connections of the 
controller. In this adjustment operation, the delay devices VS 
andVD at the strobe connection 8' and at the data connections 
of this chip are automatically set such that When the adjust 
ment operation has ended, all signals Which are transmitted 
betWeen the controller and this chip are of the same propaga 
tion time. In the same Way, the propagation time adjustment 
can be performed for all further memory chips in the multiple 
memory system. 

In the case of the method described above, delay devices at 
the A/B/C connections can be omitted completely if the 
A/ B/ C line phase from the controller to the “furthest” 
memory chip is shorter than the D/ S line phase to the “clos 
est” memory chip. 
A prerequisite of the exemplary embodiments described 

above is that the group comprising the address, instruction 
and clock lines AL, BL, CL and the group comprising the 
strobe and data lines SL, DL each form a “phase”, Within 
Which there are no signi?cant propagation time differences. 
In practice, the division into such phases may also be differ 
ent, hoWever. Hence, particularly at very high clock frequen 
cies, a situation may arise in Which it is necessary to compen 
sate for, by Way of example, propagation time differences 
betWeen the strobe line SL and the data line bundle DL or 
even propagation time differences betWeen individual lines in 
the DL bundle, or, by Way of example, propagation time 
differences betWeen the address, instruction and clock lines 
AL, BL, CL. In such cases, there are more than tWo “phases” 
in the sense de?ned above, With one or more phases even 
being able to comprise just a single line. It is then appropriate 
to select one of the phases as a reference phase and to ascer 
tain the propagation time differences betWeen this reference 
phase and the other phases using echo measurements in order 
to set regulatable delay devices on each of the other phases in 
an appropriate fashion. 
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12 
The measurement pulse used for generating the echo may 

also have a different Waveform than the one shoWn in FIGS. 
2 to 4; the only condition is that the pulse has an explicitly 
detectable edge Whose echo is likeWise explicitly detectable. 
Even a simple pulse sWinging only in a negative (or only in a 
positive) direction may be suitable, particularly When using a 
short circuit termination using a shunt sWitch routed to the L 
potential (or to the H potential), as shoWn in FIG. 4. Gaussian 
or sinusoidal pulse shapes may also be used. 

In the propagation time measurement at a bidirectional 
connection (such as at the strobe connection 8'), it is possible 
to use the reception ampli?er provided for this line in order to 
receive the echo, as shoWn in FIGS. 2 to 4. Alternatively, it is 
possible to provide a separate ampli?er or edge detector for 
echo reception Which is turned on directly by the control 
signal ESS, in a similar manner to that shoWn in FIGS. 2 to 4 
for the echo reception at the clock connection C'. 
The propagation time measurements and the setting of the 

delays may also take place on the memory chip end. To this 
end, the measurement pulse generator, the chronometric 
devices and the delay devices that are to be set Would need to 
be provided in the memory chip and the sWitching devices for 
the re?ective line termination Would need to be provided in 
the controller. 

Finally, it should also be mentioned that the sWitches, 
Which are shoWn using the usual sWitch symbols in the ?g 
ures, are naturally formed by controllable semiconductor ele 
ments, eg by ?eld-effect transistors. 

While the foregoing is directed to embodiments of the 
present invention, other and further embodiments of the 
invention may be devised Without departing from the basic 
scope thereof, and the scope thereof is determined by the 
claims that folloW. 
What is claimed is: 
1. A method for adjusting signal propagation times in a 

system in Which connections of a controller are connected to 
connections of at least one memory chip via a plurality of 
connecting lines for the purpose of transmitting control and 
data signals and at least one time reference signal, compris 
ing: 

i) changing an input impedance at a respective connection 
of at least tWo connecting lines into a re?ective termi 
nation for the connecting lines in question; 

ii) ascertaining propagation time differences betWeen the 
connecting lines from a result of echo measurements in 
Which a respective transmitted pulse is applied to the 
connection of the connecting lines Which has not had its 
input impedance changed into the re?ective termination 
and an echo time Which elapses betWeen an edge of the 
transmitted pulse and an appearance of the echo of this 
edge re?ected from the other end is measured; and 

iii) setting delay devices associated With the connecting 
lines on the basis of the ascertained propagation time 
differences in order to compensate for the propagation 
time differences. 

2. The method of claim 1, Where the connection on the 
controller is selected as the connection line connection Which 
has not had its input impedance changed into the re?ective 
termination. 

3. The method of claim 2, Wherein the ascertained propa 
gation time differences are compensated for by setting regu 
latable delay devices in the controller. 

4. The method of claim 1, Wherein the re?ective termina 
tion of the connecting lines is produced by an open circuit. 

5. The method of claim 1, Wherein the re?ective termina 
tion of the connecting lines is produced by a short circuit. 
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6. The method of claim 2, 
wherein the controller is connected to m>1 memory chips, 

each memory chip having a ?rst group of connections 
Which are connected to a ?rst connection group of the 
controller via connecting lines; and 

Wherein the controller has m further connection groups, 
each of Which is connected to a second connection group 
of an individually associated memory chip via connect 
ing lines, Wherein delays on signal paths in the controller 
Which run via the ?rst connection group of the controller 
are permanently set and the succession of steps i), ii) and 
iii) performed separately for each memory chip While 
maintaining this permanent setting. 

7. A circuit arrangement for adjusting signal propagation 
times in a system in Which connections of a controller are 
connected to connections of at least one memory chip via a 
plurality of connecting lines for the purpose of transmitting 
control and data signals and at least one time reference signal, 
comprising: 

logic con?gured to change an input impedance at a respec 
tive connection of at least tWo connecting lines into a 
re?ective termination for the connecting lines in ques 
tion; 

logic to ascertain propagation time differences betWeen the 
connecting lines from a result of echo measurements in 
Which a respective transmitted pulse is applied to the 
connection of the connecting lines Which has not had its 
input impedance changed into the re?ective termination 
and an echo time Which elapses betWeen an edge of the 
transmitted pulse and appearance of the echo of this 
edge re?ected from the other end is measured; and 

logic for setting delay devices associated With the connect 
ing lines on the basis of the ascertained propagation time 
differences in order to compensate for the propagation 
time differences. 

8. The circuit arrangement of claim 7, further comprising: 
external connections designed for receiving control and 

data signals via connecting lines from a controller and 
Which each have a matching resistor netWork for match 
ing the input impedance to a characteristic impedance of 
the connecting line Which is to be connected; and 

Wherein selected connections have a respective associated 
changeover device Which responds to an adjustment 
mode signal in order to change the input impedance at 
the connection in question into a re?ective termination 
for the connecting line in question. 

9. The circuit arrangement of claim 7, Where the re?ective 
termination is an open circuit. 

10. The circuit arrangement of claim 7, Where the re?ective 
termination is a short circuit termination. 

11. The circuit arrangement of claim 8, Wherein the 
selected connections each comprise a single connection from 
each connection group Which are associated With a respective 
group of connecting lines With a negligible propagation time 
difference. 

12. The circuit arrangement of claim 7, further comprising: 
external connections for transmitting control signals and 

for transmitting and receiving further signals via exter 
nal connecting lines for communication With at least one 
memory chip; 

regulatable delay devices for delaying the signals traveling 
through the external connections on the basis of associ 
ated actuating signals, a measurement pulse generator, 
Which can be activated by an adjustment mode signal, 
for applying a measurement pulse edge to selected con 
nections; 
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for each of the selected connections, a respective reception 

circuit responsive to the adjustment mode signal in order 
to detect an echo of the measurement pulse edge as it 
appears at the transmission connection in question after 
said edge; 

chronometric means for measuring a time interval betWeen 
an application of the measurement pulse edge and the 
detection of the echo at each of the selected connections; 
and 

an actuating signal generation device Which generates the 
actuating signals for the regulatable delay devices as a 
function of the measured time intervals such that propa 
gation time differences betWeen the external connecting 
lines are compensated for. 

13. The circuit arrangement of claim 12, Wherein selected 
connections each comprise just one connection from each 
connection group, Which are associated With a respective 
group of connecting lines With a negligible propagation time 
difference. 

14. A system, comprising: 
one or more memory devices; and 
a memory controller having a circuit arrangement for 

adjusting signal propagation times in a memory system 
in Which connections of a controller are connected to 
connections of at least one memory chip via a plurality 
of connecting lines for the purpose of transmitting con 
trol and data signals and at least one time reference 
signal, the circuit arrangement comprising: 
logic con?gured to change an input impedance at a 

respective connection of at least tWo connecting lines 
into a re?ective termination for the connecting lines in 
question; 

logic to ascertain propagation time differences betWeen 
the connecting lines from the result of echo measure 
ments in Which a respective transmitted pulse is 
applied to the connection of the connecting lines 
Which has not had its input impedance changed into 
the re?ective termination and an echo time Which 
elapses betWeen an edge of the transmitted pulse and 
an appearance of the echo of this edge re?ected from 
the other end is measured; and 

logic for setting delay devices associated With the con 
necting lines on the basis of the ascertained propaga 
tion time differences in order to compensate for the 
propagation time differences. 

15. The system of claim 14, Wherein the circuit arrange 
ment further comprises: 

external connections designed for receiving control and 
data signals via connecting lines from a controller and 
Which each have a matching resistor netWork for match 
ing the input impedance to a characteristic impedance of 
the connecting line Which is to be connected; and 

Wherein selected connections have a respective associated 
changeover device Which responds to an adjustment 
mode signal in order to change the input impedance at 
the connection in question into a re?ective termination 
for the connecting line in question. 

16. The system of claim 14, Wherein the re?ective termi 
nation is an open circuit. 

17. The system of claim 14, Where the re?ective termina 
tion is a short circuit termination. 

18. The system of claim 15, Wherein the selected connec 
tions each comprise a single connection from each connec 
tion group Which are associated With a respective group of 
connecting lines With a negligible propagation time differ 
ence. 
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19. The system of claim 18, further comprising: 
external connections for transmitting control signals and 

for transmitting and receiving further signals via exter 
nal connecting lines for communication With at least one 
memory chip; 5 

regulatable delay devices for delaying the signals traveling 
through the external connections on the basis of associ 
ated actuating signals, a measurement pulse generator, 
Which can be activated by an adjustment mode signal, 
for applying a measurement pulse edge to selected con- 10 

nections; 
for each of the selected connections a respective reception 

circuit responsive to the adjustment mode signal in order 
to detect an echo of the measurement pulse edge as it 
appears at the transmission connection in question after 15 
said edge; 

16 
chronometric means for measuring a time interval betWeen 

an application of the measurement pulse edge and the 
detection of the echo at each of the selected connections; 
and 

an actuating signal generation device Which generates the 
actuating signals for the regulatable delay devices as a 
function of the measured time intervals such that propa 
gation time differences betWeen the external connecting 
lines are compensated for. 

20. The system of claim 19, Wherein selected connections 
each comprise just one connection from each connection 
group, Which are associated With a respective group of con 
necting lines With a negligible propagation time difference. 
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